Plastic and Reconstructive Surgery • August 2017 events for patients. 1 Median hospital costs are substantially higher for both minor ($14,000) and major complications ($28,000) compared with similar procedures without any complications ($5000). 2 Thus, over the past decade, there have been increasing efforts in the United States to reduce complications (any minor or major deviations from the normal postsurgery process) and 30-day all-cause rehospitalization. For example, a bundled payment, introduced in 2010 as part of the Affordable Care Act, acts as an alternative between fee-forservice and capitation payment systems. Bundled payments have been proposed to improve quality of care and reduce health care costs. 3 Furthermore, in 2012, to encourage efforts and incentivize hospitals to reduce hospital readmissions, Congress passed the Hospital Readmissions Reduction Program. 4 Accordingly, the Centers for Medicare and Medicaid Services will penalize hospitals (by 1 to 3 percent) that have higher-than-expected risk-adjusted hospital readmissions for myocardial infarction, congestive heart failure, and pneumonia.
A large body of research indicates that there are better surgical outcomes and fewer complications from procedures performed in higher-volume hospitals. For example, Goodney et al. examined volume-outcome associations among six cardiovascular and eight cancer resection procedures. 5 They found statistically significant associations between hospital volume and 30-day readmission among four of the studied procedures. 5 High-volume providers show substantially better outcomes for complex surgical procedures, such as endarterectomies or pancreatic resections, when compared with low-volume providers. Whether a higher provider volume translates into a safer choice for complex but low-risk operations is unknown and may vary depending on the procedure. Examining demographics, preoperative conditions, and provider characteristics that can be predictive of complications and/or 30-day rehospitalization can help patients, payers, and providers in developing effective strategies to reduce them. To date, only a handful of studies have examined associations between surgeon or hospital volume and complications after free tissue transfer. 6, 7 To the best of our knowledge, none of these studies used all of the entire national data on free tissue transfer, examining the association of both surgeon and hospital volumes with complications and 30-day readmission.
Using 100 percent of the 2001 to 2012 data from Taiwan's National Health Insurance Research Database, we examined complications and 30-day hospital readmissions after free tissue transfer operations. Because of the multipayer health care system in the United States and related lack of access to population-level national data, a study of this magnitude was not possible in the United States. Taiwan's single-payer health care program, however, enabled us to perform this analysis. Because of the similarity of microvascular surgical procedures among developed nations, results of this study can be used to determine whether any associations exist between provider volume and postoperative complications for free tissue transfer. In this context, we aimed to examine the following: (1) associations of surgeon volume with complications and 30-day hospital readmissions; (2) associations of hospital volume with complications and 30-day hospital readmissions; and (3) variations in complication rates between high-volume surgeons working in high-volume hospitals compared with other combinations of hospital and surgeon volumes. We hypothesized that both surgeon and hospital volume had decreasing associations with postoperative complications and 30-day all-cause rehospitalization.
PATIENTS AND METHODS

Data
For this study, we used 100 percent of all free tissue transfers performed in Taiwan between 2001 and 2012. We examined the National Health Insurance Research Database of Taiwan, which includes all inpatient, outpatient, prescription drug, and clinical encounters for more than 23 million residents of Taiwan (or >99 percent of Taiwan's population). Starting in 1995, after extensive research, Taiwan switched from a multipayer system to a universal, single-payer health care system. Thus, using the National Health Insurance Research Database, we were able to measure 100 percent of all free tissue transfer operations and cluster them by hospital and surgeon volumes. In addition, we used unique hospital and surgeon identifiers to merge the National Health Insurance Research Database with hospital and surgeon registries in Taiwan.
Study Sample
We included all patients who underwent free tissue transfer surgery between 2001 and 2012 (procedure codes 62032B to 62038B, except 62034B). Our initial sample included 41,761 patients in 133 hospitals. We excluded free bone transfers from our sample because of the extended period needed to detect a compromised bone transfer. 
Variables
Dependent Variables
The two main outcomes of this study were (1) surgical complications and (2) 30-day readmission after discharge from the hospital. Surgical complication (a binary variable) had to occur after free tissue transfer operation but before discharge. (See Table, Supplemental Digital Content 3, which shows the list of complications and codes, http://links.lww.com/PRS/C247.) Acute complications that may or may not need reoperation included (1) hemorrhage, (2) hematoma, (3) seroma, and (4) infection. Major complicationsthose that had to undergo reoperation-occurred because of repair and anastomosis of peripheral vessel, postoperative hemorrhage, anastomosis of blood vessel, vascular exploration, venous thrombectomy, and arterial embolectomy. We also measured 30-day all-cause hospital readmission (also a binary variable) within 30 days of free tissue transfer discharge from the hospital. These two variables have been used in previously published literature to examine hospital-volume associations for other surgical procedures.
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Independent Variables
The main explanatory variables were surgeon and hospital volume. We ran our models using volume as continuous and categorical variables. To categorize continuous volume variables, using unique hospital and surgeon identification numbers, we sorted their annual number of operations in ascending order into three equal groups among the hospitals (≤94, 95 to 156, and >156) and into three equal groups among the surgeons (≤10, 11 to 25, and >25). This approach has been used previously in the literature. 12, 13 In our regression models, we controlled for patient, surgeon, and hospital characteristics. For patients, we included age at the time of operation, gender, number of comorbid conditions (based on the Elixhauser algorithm), 14 and whether it was an emergency versus planned operation. For hospitals, we included whether it was public versus private, geographic location, teaching versus nonteaching, number of beds, number of plastic surgeons, and hospital annual replantation volume. The main geographic areas were defined as the northern, southern, eastern, and central regions of Taiwan. We also controlled for each surgeon's years of experience, and the surgeon's annual replantation volume.
Statistical Analysis
We used a generalized linear mixed model 15 with logistic link function for both outcomes of interest. In our regression models, we specified random effects for both hospitals and surgeons to account for repeated measures and to adjust for the effect of clustering of patients (level 1) within surgeons (level 2) and clustering of surgeons within hospitals (level 3). All analyses were performed at the patient level. We used the SAS statistical package (version 9.3; SAS Institute, Inc., Cary, N.C.) for all analyses. Table 1 shows the characteristics of 25,327 patients aged 18 to 64 years who underwent free flap surgery between 2001 and 2012 in Taiwan. The average age of patients was 46, and they had an average of two chronic conditions. The majority of free tissue transfer procedures in Taiwan are scheduled ahead of time, with only 3 percent performed on emergency admissions.
RESULTS
Plastic and Reconstructive Surgery • August 2017 Table 2 shows characteristics of 877 surgeons working in 127 hospitals that performed at least one free tissue transfer operation in Taiwan. The average annual free tissue transfer volume was six cases for surgeons and 30 cases for hospitals. Surgeons performing free tissue transfer had on average 9 years of experience. Approximately 36 percent of hospitals in Taiwan were public and 87 percent were teaching hospitals. The majority of these hospitals were located in the northern area (39 percent), followed by 32 percent in the southern region and 24 percent in the central area of Taiwan. The average number of hospital beds was 1411. Figure 1 demonstrates the frequency of surgical complications. Seventeen percent of free tissue transfer operations (4201 of 25,327) had surgical complications (acute, 2027; major, 2124). The most common acute complication was infection. Table 3 displays the results for our two regression models, analyzing the associations of hospital and surgeon volume with complications after surgery and 30-day hospital readmission (for any reason) after hospital discharge. Being female was associated with lower odds of complication (OR, 0.89; 95 percent CI, 0.79 to 1.00; p = 0.05). In contrast, having more chronic conditions increased the odds of complication (OR, 1.06; 95 percent CI, 1.03 to 1.09; p < 0.01).
Among surgeon characteristics, having 1 more year of experience was associated with lower odds of complication (OR, 0.98; 95 percent CI, 0.97 to 0.99; p = 0.01). However, surgeon volume was not associated with the probability of any complications. Hospitals with more plastic surgeons were associated with a slightly higher probability of complication (OR, 1.04; 95 percent CI, 1.02 to 1.05; p < 0.01). Finally, greater hospital volume was associated with a lower likelihood of any complication (OR, 0.99; 95 percent CI, 0.99 to 1.00; p < 0.01).
For 30-day rehospitalization after discharge, we found that a higher number of comorbidities increased the odds of 30-day readmission (OR, 1.20; 95 percent CI, 1.17 to 1.23; p < 0.01). In addition, being older (between 18 and 64 years) reduced the probability of 30-day readmission (OR, 0.99; 95 percent CI, 0.99 to 0.99; p < 0.01). Being in southern Taiwan decreased the odds of readmission (OR, 0.74; 95 percent CI, 0.57 to 0.95; p = 0.02). It is plausible that complex free flap cases are being routinely performed in larger hospitals, which are mostly located in northern Taiwan. 16 Although higher volume hospitals were associated with slightly less likelihood of 30-day rehospitalization, the results were not statistically significant.
Adjusted predicted probabilities for (1) complications after surgery and (2) 30-day all-cause hospitalization indicate a lower probability for both outcomes among hospitals with higher case volume (Fig. 2) . High-volume hospitals compared with medium-volume hospitals had a lower probability of 30-day readmission by 10 percent (p = 0.016), but our results did not indicate any significant variations in adjusted predicted surgical complications based on hospital volume.
Sensitivity Analysis
In the regression model for complications using categorical surgeon and hospital volume 
DISCUSSION
Our study yielded three notable findings. First, greater hospital case volume slightly decreased the likelihood of surgical complications in hospital after free tissue transfer. Seventeen percent of free tissue transfer operations in Taiwan had surgical complications, with 51 percent of them having to undergo reoperation. Although the probability of complication was lower among high-volume hospitals and experienced surgeons, we failed to observe a strong association between volume and surgical complications. Second, neither hospital nor surgeon volume (nor surgeon's years of experience) was associated with 30-day hospital readmission. On average, hospital readmission occurs for 20 percent of all discharged patients who undergo a free tissue transfer operation. Finally, our findings indicate that, in Taiwan, patient demographics such as age, sex, and, most importantly, the number of chronic conditions are stronger predictors of complications or 30-day hospital readmission than provider characteristics.
Our findings on hospital volume, surgeon experience, and the likelihood of complications after free tissue transfer surgery were consistent with the previous literature. 17, 18 Because of a regionalized and highly competitive system of care for complex operations in Taiwan, 19, 20 our findings indicate a small but significant association between hospital volume and the likelihood of surgical complications. Lower complication rates in higher volume hospitals may be attributable to a better prevention system throughout an episode of inpatient care in the hospital. 17, 21 It may also be because of a more thorough implementation of standard processes of care (or "formalization of the care process") for complex operations. 21 For example, Bach et al. investigated the association between hospital volume and outcome after surgery for lung cancer; they found a strong association between greater hospital volume and lower likelihood of operative or pulmonary complications. 9 The authors concluded that, on average, postoperative care in low-volume hospitals is less systematic, causing a higher likelihood of complications after complex operations. 9 In addition, our results indicate that, among surgeons, having more years of experience, rather than having performed more procedures, was associated with a likelihood of fewer complications. These results suggest that surgical techniques based on the surgeon's experience may lead to variations in complications after free tissue transfer. In this context, outcomes of free tissue transfer operations may be more sensitive to differences in the surgeon's performance and experience than in the surgeon's volume. In the majority of studies conducted on volume-outcome associations, the surgeon's years of experience was not adjusted for in the analysis. Furthermore, the surgeon's experience might be measured by number of specific operations (volume) or by years of experience as a surgeon. 22 This could be explained by a lack of data on years of experience or by different interpretations of "experience." Regardless, when "years of experience" has been adjusted for in analytical models, it has been found to be strongly associated with better outcomes. For example, Schmidt and colleagues, examining volume-outcome associations for pancreaticoduodenectomy, revealed that experienced surgeons achieved comparable outcomes regardless of their annual volume. 23 Learning curves predict that when surgeons with less experience perform up to a certain annual volume, they could achieve mortality and morbidity outcomes similar to those of experienced surgeons. 23 The potential substitutability of the surgeon's experience and the surgeon's annual volume has important implications for how hospital surgical volume is distributed among a pool of surgeons with different experience levels to optimize outcomes with regard to surgical complications.
Furthermore, our findings indicate no association between hospital or surgeon volume, or between surgeon experience and 30-day rehospitalization. Although evidence strongly suggests that high-volume providers have better outcomes for many complex surgical procedures, results for 30-day hospital readmission were inconclusive. 21 Although not all hospital readmissions can or should be prevented, there is a unanimous agreement among policy makers, payers, and hospital administrators that preventable rehospitalization should be reduced. The lack of association between provider volume and 30-day readmission can be explained in different ways. Hospital readmission is a complex and multifactorial issue negatively affecting the quality of care and health care expenditures. 24 More than anything, hospital readmission is associated with transition of care after hospital discharge. For example, providing integrated low-cost services such as phone contact, home visits, or telemedicine, especially for high-risk individuals such as those with multiple chronic conditions, might reduce preventable rehospitalizations substantially. 25, 26 Most notably, under a prospective fee-for-service payment system, where payment is made based on a predetermined fixed amount, high-or low-volume hospitals are not financially incentivized to provide additional services to prevent complications or rehospitalization. 27 In Taiwan, all health care providers, including hospitals, follow a prospective fee-for-service payment system. Since 2002, after implementation of the global budget capitation system, hospitals have shared a limited budget and thus rigorously compete to increase their market share. 28 Although hospitals may provide additional services to attract more patients, there has not been any policy initiative, such as value-based payment or bundled payment, directly targeting reduction in complications or hospital readmission.
Over the past decade, there have been increasing efforts in the United States to reduce preventable hospital readmissions. For example, in 2008, the Centers for Medicare and Medicaid Services developed a model to estimate risk-standardized 30-day all-cause readmission rates for patients hospitalized with heart failure. 29 In 2009, the Centers for Medicare and Medicaid Services began publishing hospitals' risk-standardized 30-day readmission rates for heart failure from all acute care nonfederal hospitals in the United States. 30 Two-thirds of all U.S. hospitals received penalties because their readmission rates were found to be higher than the predicted Centers for Medicare and Medicaid Services models. 31 Since 2012, the original model has been modified and improved, including more conditions and adjusting for scheduled hospitalization. 32 Although reducing rehospitalization is still a work-in-progress in the United States and a complete discussion of this topic is beyond the scope of this article, suffice it to say that readmission rates in the United States have slowly started to decline since 2012. 33 
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In addition, because bundled payment expanded the definition of an episode of care for certain surgical procedures to postoperative care after hospital discharge, 3 hospitals will not be paid extra if rehospitalization is related to the same episode of care. 34 Thus, bundled payment incentivizes all involved providers and health care services, from hospitals to rehabilitation services to home health care providers, to deliver coordinated care. Although the Centers for Medicare and Medicaid Services is still testing these new alternative payment methods, early evaluations of these reforms have shown some encouraging results. 35 This study had several limitations. First, using claims data, we were unable to measure and adjust for complexity of free tissue transfer operations. It is plausible that more complicated cases were admitted to higher-volume or higher-quality hospitals. We limited our sample to younger adults (younger than 65 years) to avoid biased results regarding a higher probability of complications and rehospitalization among frail and elderly adults, regardless of place of service. Although we adjusted for chronic conditions and other patient demographics in our models, we were unable to adjust for the severity of the patient's condition; this might have overstated both complications and 30-day hospital readmission in higher-volume hospitals. Second, we did not distinguish between preventable and other types of rehospitalization in our study. Although 30-day all-cause rehospitalization is commonly used in the literature, one should note that a 100 percent reduction in rehospitalization cannot and should not occur. Finally, we used Taiwan's national data for our study because, under our current multipayer health system in the United States, no national data on the entire population are available. Although the implications of volume-outcome studies are universal, national health care policies and hospital reimbursement systems (as discussed above) would have much stronger effects on these outcomes. Thus, in this context, carrying the analysis in the United States, our results could have been different. We covered some related policies affecting surgical complications and rehospitalization in both countries to make our findings more transparent.
In brief, higher-volume hospitals are associated with better quality and fewer surgical complications. However, a more integrated health care system (beyond individual hospitals) for a complete episode of care (including 30 or 90 days after hospital discharge) and perhaps a different payment system that incentivizes hospitals to avoid unfavorable outcomes might be more effective in reducing complications or hospital readmissions.
CONCLUSIONS
Higher-volume hospitals and more experienced surgeons were shown to have a lower likelihood of complications after surgery. Hospital processes and structures affect outcomes and reduce surgical complications. Performing complex surgical procedures (e.g., free flap surgery) in higher-volume hospitals might reduce surgical complications. Reducing the rate of 30-day rehospitalization, however, may require payment reform, as it demands coordinated care before and after hospital discharge.
